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L. pneumophila  Philadelphia‐1  272624 
L. pneumophila  Philadelphia‐1 Lp02  1080311 
L. pneumophila  Philadelphia‐1 JR32  No NCBI TaxIDa 
L. pneumophila  Paris  297246 
L. pneumophila  Lens  297245 
L. pneumophila  Corby  400673 
L. pneumophila  Alcoy  866628 
L. pneumophila  Lorraine  1046632 
L. pneumophila  HL06041035  1046631 
L. pneumophila  LPE509  1312904 
L. pneumophila  ATCC 43290  933093 
L. longbeachae  D‐4968  638315 
L. longbeachae  NSW150  661367 





pos.  Gene  Species  Strain  Amino acid sequence 
1 
(top)  lpg1593  L. pneumophila  Philadelphia­1 
MDIINLKFEEPLIIRISNTVVKILAFKTQENGNIKFGV
EAPRSINIHREEVFHAIKQKETLSTAD 2  lpp1551  L. pneumophila  Paris  MDIINLQFEEPLIIRISNTVVKILAFKTQENGNIKFGVEAPRSINIHREEVFHAIKQKETLSTAD 3  lpl1432  L. pneumophila  Lens  MDIINLQFEEPLIIRISNTVVKILAFKTQENGNIKFGVEAPRSINIHREEVFHAIKQKETLSTAD 4  lpc1020  L. pneumophila  Corby  MDIINLQFEEPLIIRISNTVVKILAFKTQENGNIKFGVEAPRSINIHREEVFHAIKQKETLSTAD 5  lpa02311  L. pneumophila  Alcoy  MDIINLQFEEPLIIRISNTVVKILAFKTQENGNIKFGVEAPRSINIHREEVFHAIKQKETLSTAD 6  lpo1613  L. pneumophila  Lorraine  MDIINLQFEEPLIIRISNTVVKILAFKTQENGNIKFGVEAPRSINIHREEVFHAIKQKETLSTAD 7  lpv1731  L. pneumophila  HL06041035  MDIINLQFEEPLIIRISNTVVKILAFKTQENGNIKFGVEAPRSINIHREEVFHAIKQKETLNTAD 8  LPE509_01603  L. pneumophila  LPE509  MDIINLKFEEPLIIRISNTVVKILAFKTQENGNIKFGVEAPRSINIHREEVFHAIKQKETLSTAD 9  lp12_1531  L. pneumophila  ATCC 43290  MDIINLKFEEPLIIRISNTVVKILAFKTQENGNIKFGVEAPRSINIHREEVFHAIKQKETLSTAD 10  llo1813  L. longbeachae  NSW150  MDIISLQFEEPLMIHIGKASVKILAFKTQEPGNIKFGVDAPRSVNVHREEIFNAIKQKQLLDTVE 11  llb3581  L. longbeachae  D‐4968  MDIISLQFEEPLMIHIGKASVKILAFKTQEPGNIKFGVDAPRSVNVHREEIFNAIKQKQLLDTVE 12  ldg7862  L. drancourtii  LLAP12  MDIVSLHFEEPLMININDTIVKILAFKTQEHGNIKFGCEAPRSVNVHREEIFHAIKQKQLLEMAE 
13  lpg0781  L. pneumophila  Philadelphia­1 
MLILTRRIGETLIIGDDVNITVLGVKGNQVRLGINAP
KDVSVHREEIYLRIQQEKESDDSEQAV 14  lpp0845  L. pneumophila  Paris  MLILTRRIGETLIIGDDVNITVLGVKGNQVRLGINAPKDVSVHREEIYLRIQQEKESDDSEQAV 15  lpl0820  L. pneumophila  Lens  MLILTRRIGETLIIGDDVNITVLGVKGNQVRLGINAPKDVSVHREEIYLRIQQEKESDDSEQAV 16  lpc2513  L. pneumophila  Corby  MLILTRRIGETLIIGDDVNITVLGVKGNQVRLGINAPKDVSVHREEIYLRIQQEKESDDSEQAV 17  lpa01193  L. pneumophila  Alcoy  MLILTRRIGETLIIGDDVNITVLGVKGNQVRLGINAPKDVSVHREEIYLRIQQEKESDDSEQAV 18  lpo0860  L. pneumophila  Lorraine  MLILTRRIGETLIIGDDVNITVLGVKGNQVRLGINAPKDVSVHREEIYLRIQQEKESDDSEQAV 19  lpv0910  L. pneumophila  HL06041035  MLILTRRIGETLIIGDDVNITVLGVKGNQVRLGINAPKDVSVHREEIYLRIQQEKESDDSEQAV 20  lp12_0801  L. pneumophila  ATCC 43290  MLILTRRIGETLIIGDDVNITVLGVKGNQVRLGINAPKDVSVHREEIYLRIQQEKESDDSEQAV 21  llo2071  L. longbeachae  NSW150  MLILTRRIGETLIIGDDVNITVLGVKGNQVRLGINAPKDVSVHREEIYLRIQQEKQSDESEETV 22  llb3340  L. longbeachae  D‐4968  MLILTRRIGETLIIGDDVNITVLGVKGNQVRLGINAPKDVSVHREEIYLRIQQEKQSDESEETV 23  ldg5259  L. drancourtii  LLAP12  MLILTRRIGETLIIGDDVNITVLGVKGNQVRLGINAPKDVSVHREEIYLRIQQEKQSDDSETTV 
24  LPE509_p00046  L. pneumophila  LPE509  MLILTRRIGETVVIGDDVFITILGIKGNQIRLGFDAPDHVSIHRQEIYLKVQEQKKMRLDSGEAVNGNGMLITPLKQTEPHQYTAH 25  ldg8306  L. drancourtii  LLAP12  MLILTRRISETMIIGDDVNITILGIKGNQVRLGINAPKSISVYREEIYLKVKAEEKEQGICLINPKHFTENTSQAVN 
26  lpc0169  L. pneumophila  Corby  MLVLTRRVGESVVIHDDVYCTIVGYRDGEVRLAFDAPRSIPVHRDEIQRRIHRARIKDNWFIDKAANKESIVDRLINKFKNSTSAVKA 
27  lpa00223  L. pneumophila  Alcoy  MLVLTRRVGESVVIHDDVYCTIVGYRDGEVRLAFDAPRSIPVHRDEIQRRIHRARIKDNWFIDKAANKESIVDRLINKFKNSTSAVKA 
28  ldg7118  L. drancourtii  LLAP12  MLVLTRRVGESVVIHDDVYCTIVGYRDGEVRLAFDAPKSIPVHRDEIQRRIYRERQKDKWFHDNAPNKESIVDRLISKFKSSVKLSEYHK 
29  lpc2813  L. pneumophila  Corby  MLVLTRRVGESVVISEDIYCTIVGYQNDEVRLAFDAPKSIPIHRDEIQRRIYRDQIKDNKFVDKAANNESIVDRLINKFKSSASPTNS 30  lpa00796  L. pneumophila  Alcoy  MLVLTRRVGESVVISEDIYCTIVGYQNDEVRLAFDAPKSIPIHRDEIQRRIYRDQIKDNKFVDKAANNESIVDRLIN
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KFKSSASPTNS 
31  lpo2456  L. pneumophila  Lorraine  MLVLTRKVGESVVISEEVYCTVVGYRDGEVRLAFDAPQSIPVHRDEIQRRIYRERQRDQWFNDSPSNKENIVDRLISKFKNGLKSA 
32  LPE509_01074  L. pneumophila  LPE509  MLVLTRKVGESVVISEEVYCTVVGYRDGEVRLAFDAPQSIPVHRDEIQRRIYRERQKDQWFSDSPSNKESIIDRLISKFKHGLKSA 
33  llo2874  L. longbeachae  NSW150  MLVLTRKIGESVVISEDIYCTVVGYRDGEVRLGFDAPQSIPIHRDEIQRRIYRERQKDQSFNDSPPHKKSIVDRLISKFKHELKSA 34  plpl0012  L. pneumophila  Lens  MLILERRVGETVAIENKVFCMVLDHQLDGQLKLAFDAPECVPFHRFEIQEGS 
35  plpp0016  L. pneumophila  Paris  MLILTRRVGDTVVIGNEVFCTVLEQQHDGQIKLAFDAPKSIPIHRFEIQKQIMQKIIEGTYTNDVAWNETVIERLTSQFNRVSHWN 36  lpop0154  L. pneumophila  Lorraine  MLILTRRIGETVLINDDIYITVLGVKGNQVRLGFDAPQDVIIHRQEIHQKIKKEQSLFLNKPGQWKEARGVQTH 
37  lpg2094  L. pneumophila  Philadelphia‐1  MLSLTRRVGESIVIGEDIFITVLCCKGNQVRIGFNAPNSVAIHRYEIYQKIQSEKHDGLADPTKKFCPSMQQSILNHH 
38  LPE509_01011  L. pneumophila  LPE509  MLSLTRRVGESIVIGEDIFITVLCCKGNQVRIGFNAPNSVAIHRYEIYQKIQSEKHDGLADPTKKFCPSMQQSILNHH 
39  lp12_2035  L. pneumophila  ATCC 43290  MLSLTRRVGESIVIGEDIFITVLCCKGNQVRIGFNAPNSVAIHRYEIYQKIQSEKHDGLADPTKKFCPSMQQSILNHH 40  LPE509_p00063  L. pneumophila  LPE509  MEIRTVAFESELIISLDNNQKVVITPFKTHVPGNFKLGIDAPKQVTVNRQEIYLRKQEQLKCVFRSEMITNSGLI 41  LPE509_p00069  L. pneumophila  LPE509  MEIRTVAFESELIITLENNQKVVITPFKTHEPGNFKLGVDAPKYVSINRQEIYLRKQEQLKKEKGQTLTDS 
42  ldg8284  L. drancourtii  LLAP12  MLFCSNYFDIKRENIMEIRPVAFESDLIITLEGNQKIVITPFKTHEPGNFKLGIDAPKHVTINRQEIYLKKQEQLKKEIRQASADS 43  lpp1074  L. pneumophila  Paris  MLTLIRRIGEAIYIDKGRIKVHLISEKEGLIRLGIEAPKHVDIERKEVFVRKAVAQHEQAQALRNQSGGDDA 44  lp12_1033  L. pneumophila  ATCC 43290  MLTLIRRIGEAIYIDKGRIKVHLISEKEGLIRLGIEAPKHVDIERKEVFVRKAVAQHEQAQALRNQSGGDDA 45  lpo2781  L. pneumophila  Lorraine  MLILIRRMGEAIYIDKGRIKVLLISEKEGLIKLGIDAPKHIDVERKEVFIQKAMEQHALAQKLRDKSTESGGNHA 46  lpg1003  L. pneumophila  Philadelphia‐1  MLILDRKIGEEIYINKGKIKITVLYEKNGLIGIGVRAPSEIDIDRKEVFIRKYIQKLDQENKSNQG 47  lpl1036  L. pneumophila  Lens  MLILDRKIGEEIYINKGKIKITVLYEKNGLIGIGVRASSEIDIDRKEVFIRKYIQKLDQENKSNQG 48  lpc2276  L. pneumophila  Corby  MLILDRKIGEEIFINKGKIKITVLYEKNGLIGIGVRAPSEIDIDRKEVFIRKYIQKLDQENKPNQE 49  lpa01531  L. pneumophila  Alcoy  MLILDRKIGEEIYINKGKIKITVLYEKNGLIGIGVRASSEIDIDRKEVFIRKYIQKLDQENKSNQG 50  lpv1151  L. pneumophila  HL06041035  MLILDRKIGEEIYINKGKIKITVLYEKNGLIGIGVRAPSEIDIDRKEVFIRKYIQKLDQENKSNQG 51  LPE509_02190  L. pneumophila  LPE509  MLILDRKIGEEIYINKGKIKITVLYEKNGLIGIGVRAPSEIDIDRKEVFIRKYIQKLDQENKSNQG 52  lpp2378  L. pneumophila  Paris  MLVLTRKKGEQIVIDKGQIEIHVIYQRRGVVALGIKAPAHIDVDRKEIFLRKQTNPQNNDKEISK 53  lpc1860  L. pneumophila  Corby  MLVLTRKKGEQILIDKGQIEIHVIYQRRGVVALGIKAPAHIDVDRKEIFLRKQTNPQNTNIEEPK 54  lpv1819  L. pneumophila  HL06041035  MLVLTRKKGEQILIDKGQIEIHVIYQRRGVVALGIKAPAHIDVDRKEIFLRKQTNPQNTDIEEPK 55  lp12_2077  L. pneumophila  ATCC 43290  MMLVLTRKKGEQILIDKGQIEIHVIYQRRGVVALGIKAPAHIDVDRKEIFLRKQTNPQNTNIEEPK 56  ldg5199  L. drancourtii  LLAP12  MLVLTRKKGEQILIDKGQIEIHVIYQRRGVVALGIKAPPHIDVDRKEIFLRKQANPEYNDDKE 57  llb1171  L. longbeachae  D‐4968  MLVLTRRVGEQIFIDKGQIQIKVLFVRNGNIALGIQAPPNVDVDREEIYYLKKEGIIVESN 58  lpg1257  L. pneumophila  Philadelphia‐1  MLVLTRKAGQQILIGKGLIQMKVLKVDDDIISIGIKAPQHIDIDREEIYLKKLQQEQAESSMQKVAP 59  lpl0150  L. pneumophila  Lens  MLVLTRKAGQQILIGKGLIQMKVLKVDDDIISIGIKAPQHIDIDREEIYLKKLQQEQAESSMQKVAP 60  lpv0167  L. pneumophila  HL06041035  MLVLTRKAGQQILIGKGLIQMKVLKVDDDIISIGIKAPQHIDIDREEIYLKKLQQEQAESSMQKVAP 
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e  195  14/14  No 
lpg1593   198  14/14  No  
lpg1257   204  8/14  Yes  
ll02874   261  6/14  Yes  
lpc_2813   267  6/14  Yes  
lpg1003  201  5/14  Yes  
lpc_1860   198  5/14  Yes  
lpg2094  237  4/14  Yes  
lpp1074   232  4/14  Yes  
llo1850   222  2/14  Yes  
lpe509_p00069   216  2/14  Yes  
llb_1171   186  1/14  Yes  
llb_1138   210  1/14  Yes  
plpp0016   261  1/14  Yes  
plpl0012   159  1/14  Yes  
lpe509_p00063   228  1/14  Yes  
lpo_p0154   225  1/14  Yes  
ldg_8306   234  1/14  Yes  a Gene name in one selected strain.  Most of these have unique gene annotations in each strain.  b Size in nucleotides of putative translated region.  c Prevalence in each of the 14 fully sequenced strains of legionellae surveyed, as available via NCBI BLAST.  d Putative integrative conjugative elements (ICEs) determined by presence of type IVa secretion system genes immediately adjacent to csrA­like gene.  e Canonical csrA, as characterized previously (Molofsky et al. 2003) 
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Table 2.4. Strains, plasmids, and primers 
Strains       Strain number  Name  Description  Source 
E. coli       MB1001  DH5α  F‐endA1 hsdR17 (r‐ m+) supE44 thi­1 recA1 gyrA (Nalr) relA1 Δ(lacZYA‐argF)U169Ф80dLacZΔM15λpirRK6  Lab collection MB1359  Rosetta(DE3) pLysS  F‐ ompT hsdSB(RB‐ mB‐) gal dcm λ(DE3 [lacI lacUV5‐T7 gene 1 ind1 sam7 nin5]) pLysSRARE (CamR)  Lab collection MB1360  Rosetta(DE3) pLysS  pcsrA    This study MB782  DH5α pKD3    Lab collection MB783  DH5α pKD4    Lab collection 
MB1346  DH5α pSU‐pZLKm    S. Crepin, unpublished MB1361  DH5α pSU‐pZLKm‐csrR    This study 
MB643  DH5α pJB3395    (Sexton et al. 2004) MB1362  DH5α pGEM csrR_5'‐RACE    This study 
BH003  DH5α pBH6119    (Hammer et al. 1999) MB1363  DH5α pcsrR‐GFP_BS2    This study MB1364  DH5α pcsrR‐GFP_BS2/BS3    This study MB1365  DH5α pcsrR‐GFP_BS3    This study 
MB1068  DH5α p206cam    (Hammer et al. 1999) MB1366  DH5α pcsrR‐his    This study MB1367  DH5α pcsrR‐his_BS3M    This study        
L.pneumop
hila       
MB110  Lp02  Philadelphia‐1 Strr HsdR− Thy−, wild‐type strain for this study  (Berger et al. 1993) MB1368  Lp02 thy+  MB110 with thymidine autotrophy restored  This study MB1369  Lp02 ∆csrR::Camr   MB110 with csrR replaced with chlormaphenicol resistance cassette  This study MB1370  Lp02 ∆csrR::Camr thy+ #2  MB1369 with Thymidine autotrophy restored, clone #2  This study MB1371  Lp02 ∆csrR::Camr thy+ #4  MB1369 with Thymidine autotrophy restored, clone #4  This study MB1372  Lp02 ∆csrR::Camr + csrR  MB1369 with csrR replaced on chromosome between lpg2528 and lpg2529; Camr Kanr  This study MB1373  Lp02 ∆csrR::Camr + csrR thy+ #1  MB1372 with Thymidine autotrophy restored, clone #1  This study MB1374  Lp02 ∆csrR::Camr + csrR thy+ #3  MB1372 with Thymidine autotrophy restored, clone #3  This study 
BH006  Lp02 pBH6119  MB110 with promoterless GFP vector, negative control for reporter experiments  (Hammer et al. 1999) MB1375  Lp02 pcsrR‐GFP_BS2  MB110 with csrR BS2‐only transcriptional GFP reporter  This study MB1376  Lp02 pcsrR‐GFP_BS2/BS3  MB110 with csrR BS2/BS3 translational GFP reporter  This study MB1377  Lp02 pcsrR‐GFP_BS3  MB110 with csrR BS2‐sld/BS3 translational GFP reporter  This study 
MB355  Lp02 pflaA‐GFP  MB110 with flaA GFP reporter, positive control for reporter experiments  (Hammer et al. 1999) MB464  Lp02 ∆csrA::Kanr  pcsrA  csrA conditional mutant; Kanr, pMMB206∆mob csrA, inducible csrA, camr  (Molofsky et al. 
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2003) MB1378  Lp02 pcsrR  MB110 with IPTG‐inducible csrR  This study MB1379  Lp02 pcsrR‐BS3M  MB110 with IPTG‐inducible csrR BS3 mutant  This study        
Plasmids     Plasmid  Description  Source 
pKD3   Template plasmid for the amplification of the chloramphenicol gene bordered by FRT sites, Ampr; camr (Datsenko et al. 2000) pSU2719  Cloning plasmid; P15A replicon, lacZα, Camr  (Martinez et al. 1988) pZL790  Suicide plasmid; ori R6K, sacB, Tetr  (Liu et al. 2008) pZL790‐MCS  Suicide plasmid; ori R6K, sacB, MCS of pSU2719, Tetr  S. Crepin, unpublished pKD4  Template plasmid for the amplification of the kanamycin gene bordered by FRT sites, Ampr; Kanr  (Datsenko et al. 2000) pZL790‐MCS‐Km  Suicide plasmid, ori R6K, sacB, MCS of pSU2719 + Km, Kanr; Tetr  S. Crepin, unpublished pSU‐pZLKm  Cloning plasmid; pSU2719 backbone; backbone vector for chromosomal integration into intergenic region of lpg2528 and lpg2529; Kanr S. Crepin, unpublished pSU‐pZLKm‐
csrR  plasmid for insertion of csrR onto chromosome between lpg2528 and lpg2529 by homologous recombination; Kanr This study pJB3395  L. pneumophila Philadelphia‐1 thyA ligated into BamHI/SalII of pBluescript, for restoring thymidine autotrophy; Ampr (Sexton et al. 2004) pGEM T‐easy  linearized vector with T‐overhangs for ligating in Taq‐amplified PCR products; Ampr  Promega pGEM csrR_5'‐RACE  pGEM T‐easy with csrR cDNA including 5' untranslated region ligated into T‐overhangs, Ampr  This study p206gent  pMMB66EH derivative, Δmob, lacIq, PtaclacUV5, gentr  (Dalebroux et al. 2010) pcsrA‐his  p206gent with csrA with 6x‐his epitope ligated into the SalI and HindIII sites, IPTG‐inducible csrA‐his; Gentr   This study pJB98  pKB5 plasmid with HpaI/EcoRI fragment containing the Ptac promoter and the lacIq gene removed; ampr, Td∆i (Hammer et al. 1999) pBH6119  XbaI/PstI fragment of GFPmut3 insterted into pJB98; Ampr, Td∆i  (Hammer et al. 1999) pcsrR‐GFP_BS2  309bp csrR promoter fragment fused to GFPmut3 in pBH6119; Ampr, td∆i  This study pcsrR‐GFP_BS2/BS3  323bp csrR promoter and first 5 codons of csrR coding region fused in frame to GFPmut3 in pBH6119; Ampr, td∆i This study pcsrR‐GFP_BS3  pcsrR‐GFP_BS2/BS3 with stem‐loop structure of SD disrupted;  Ampr, td∆i  This study pflaA‐GFP  ~150bp flaA promoter fragment fused to GFPmut3 in pBH6119; Ampr, td∆i  (Hammer et al. 1999) p206cam  pMMB66EH derivative, Δmob, lacIq, PtaclacUV5, CamR  (Morales et al. 1991) pcsrR‐his  p206cam with csrR with 6x‐his epitope ligated into the EcoRI and HindIII sites, IPTG‐inducible csrR; Camr   This study pcsrR‐his_BS3M  p206cam with csrR BS3 mutant with 6x‐his epitope ligated into the EcoRI and HindIII sites, IPTG‐inducible csrR BS3 mutant; Camr   This study pYH215  csrR fragment (‐168 to +103) inserted into EcoR1 and HindIII sites of pTZ18U plasmid from Stratagene.  This study 
       
Primers       Number  description  sequence  Source ZA37  csrR SOEing front flank fwd  CCTTCAGCACTAAAGCGGCAC  This study ZA43  csrR SOEing front flank rev  AGGAACTTCGAAGCAGCTCCAGCCTACAGACCTCTTTTTTCATAAATTA This 
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This study; (Troutt et al. 1992) ZA82  csrR BS3 mut SOEing fwd  GAGGTTTTTTTTAAATGTTGATAATAAATCTTAAATTTG  This study ZA83  csrR BS3 mut SOEing rev  CAAATTTAAGATTTATTATCAACATTTAAAAAAAACCTC  This study ZA84  sphI GFP SOE rev  CCAAGCTTGCATGCCTG  This study SL1  16S fwd  AGAAGGCCTGAGGGTTGTAAAGCA  lab collection SL2  16S rev  ACCCTTTACGCCCAGTAATTCCGA  lab collection SL3  pGEM fwd for sequencing  GATTAAGTTGGGTAACGCCAGGGT  lab collection SC1  MCS_pSU2719_F_Xho1  TGTTTTTGCTCGAGTCCAGTGGCTTCTGTTTCTATC  This study SC2  MCS_pSU2719_R_Xho1  GTGAGCGGCTCGAGTTCACACAGGAAACAGCTATGA  This study SC3  Km_Cm_F_Sac1  GTCTTGAGGAGCTCTGTAGGCTGGAGCTGCTTCG  This study SC4  Km_Cm_R_Sac1  GTAACGCAGAGCTCAGCCCTTAGAGCCTCTCAAAGCAA  This study SC5  Clon_pZLfrag_Km_Cm_F_Pci1  ATGAACATGTTGATAACCCAAGAGGGCATTT  This study SC6  Clon_pZLFrag_Km_Cm_Gm_R_Stu1  CCGGAGGCCTACGCCATTCATGGCCATATC  This study SC7  lpg2528_pZL_F  AACGCAAATTTCAACATGCCCCGC  This study SC8  lpg2529_pZL_R  ATGGAGCAAGTCCGTCCTATCAG  This study HY1  GelSH fwd T7CsrR  GAAATAATACGACTCACTATAGGGAGTGAATATTGGCCTTAGGAATAA  This study HY2  csrR rev HindIII  CCCAAGCTTCGAGATACGAATGATAAGTGGTTC  This study HY3  Footprint fwd T7  GAAATAATACGACTCACTATAGGGTGACAACCGTCACCAAAGTAAG  This study HY4  csrR fwd EcoRI  CGGGAATTCGTCCTTACAATCTCATTGCGA  This 
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Strains       Strain number  Name  Description  Source 
E. coli       MB1001  DH5α  F‐endA1 hsdR17 (r‐ m+) supE44 thi­1 recA1 gyrA (Nalr) relA1 Δ(lacZYA‐argF)U169Ф80dLacZΔM15λpirRK6  Lab collection MB1380  DH5α pcsrT    This study MB1214  DH5α p206gent    (Dalebroux et al. 2010)        
L.pneumophila       MB110  Lp02   Philadelphia‐1 Strr HsdR− Thy−, wild‐type strain for this study  (Berger et al. 1993) MB1353  Lp02 ICE‐βox::cam  MB110 with ICE‐βox marked with camR cassette  (Flynn et al. 2014) MB370  JR32   Philadelphia‐1 Smr r− m+  (Wiater et al. 1994) MB1355  JR32+ICE‐βox::cam  MB370 with ICE‐βox marked with camR cassette  (Flynn et al. 2014) MB1383  Lp02 pcsrT   MB110 with IPTG‐inducible csrT; referred to in paper as “donor” (except figure 2)  This study MB1391  Lp02 ICE‐βox::cam pcsrT  MB1353 with IPTG‐inducible csrT; “donor” in figure 2  This study MB1384  JR32 pcsrT  MB370 with IPTG‐inducible csrT; referred to in paper as “recipient”  This study MB1385  JR32+ICE‐βox::cam pcsrT  MB1355 with IPTG‐inducible csrT; referred to in paper as “transconjugant”  This study MB1389  Lp02 pcsrA  MB110 with IPTG‐inducible csrA  This study MB1390  Lp02 ∆flaA  Lp02 flaA deletion mutant  Lab collection        


























              
Plasmids     Plasmid  Description  Source p206gent  pMMB66EH derivative, Δmob, lacIq, PtaclacUV5, gentR  (Dalebroux et al. 2010) pcsrA  p206gent with csrA with 6x‐his epitope ligated into the SalI and HindIII sites, IPTG‐inducible csrA‐his; GentR Chapter II pcsrT  p206gent with csrT with 6x‐his epitope ligated into the SalI and HindIII sites, IPTG‐inducible csrT‐his; GentR his study      
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Primers       Number  description  sequence  Source ZA11  Fwd SalI csrT  GTCGACCTGAAGTGGCTAAAACCCAATTAC  This study ZA12  Rev HindIII‐6x his‐csrT  AAGCTTTTAATGATGATGATGATGATGATGGTGATTGAGGATTGATTGCT  This study ZA33  SalI csrA‐his fwd  GTCGACGGAAGCGTTCTATGGAGAAGTAGG  Chapter II ZA34  HindIII csrA‐his rev  AAGCTTTTAATGATGATGATGATGATGTACTGCTTGTTCCGAATCATCAG  Chapter II KF152  lpg2112 fwd  CACTGGAAGCCTACATTGGG  This study KF153  lpg2112rev  CCATTATAACCTGCTGAGACC  This study KF160  lpg2098 fwd  GGTTTTGTACTGTTGGGTCG  This study KF161  lpg2098 rev  CTATGATGGTGGTACTGAGCC  This study KF162  lpg2100 fwd  GTGATACCCGCACTGTGG  This study KF163  lpg2100 rev  CAAACACAACACCCACCTC  This study SL1  16S fwd  AGAAGGCCTGAGGGTTGTAAAGCA  lab collection SL2  16S rev  ACCCTTTACGCCCAGTAATTCCGA  lab collection 3170  amyE fwd  GGTGGAAACGAGGTCATCATTTC  This study 3177  Spectinomycin fwd  CTAATTCAAGGCGTGTCTCAC  (Mukherjee et al. 2015) 3180  amyE rev  GCGGTATTCCGTATGTCAAG  (Mukherjee et al. 2015) 3519  Spectinomycin rev  CACTCTACCTCCTGCTAGCT  This study 3520  csrALp fwd  AGCTAGCAGGAGGTAGAGTGATGTTGATTTTGACTCGGCGT  This study 3521  csrALp rev  ATGATGACCTCGTTTCCACCAGTTCCCACAGCTTATATTAATT  This study 3524  csrT fwd  AGCTAGCAGGAGGTAGAGTGATGTTGAGTTTAACTAGAAGAGT  This study 3525  csrT rev  ATGATGACCTCGTTTCCACCTTAGAAAAATAGCCATCGCCC  This study 3526  csrA­22 fwd  AGCTAGCAGGAGGTAGAGTGATGCTGATCCTAGACCGCAA  This study 3527  csrA­22 rev  ATGATGACCTCGTTTCCACCCGTCGGCTATAGTTAAAGGAC  This study 3528  lvrC fwd  AGCTAGCAGGAGGTAGAGTGATGTTGGTTTTAACACGAAAAGC  This study 3529  lvrC rev  ATGATGACCTCGTTTCCACCGGGCTTATTTCCAAATCGCTC  This study  
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Table 3.2. csrA paralogs in Legionellae ICEs 
Gene  Species  Strain  Amino acid sequence 
lpep00046  L. pneumophila  LPE509  MLILTRRIGETVVIGDDVFITILGIKGNQIRLGFDAPDHVSIHRQEIYLKVQEQKKMRLDSGEAVNGNGMLITPLKQTEPHQYTAH 
lpc0169  L. pneumophila  Corby  MLVLTRRVGESVVIHDDVYCTIVGYRDGEVRLAFDAPRSIPVHRDEIQRRIHRARIKDNWFIDKAANKESIVDRLINKFKNSTSAVKA 
lpa00223  L. pneumophila  Alcoy  MLVLTRRVGESVVIHDDVYCTIVGYRDGEVRLAFDAPRSIPVHRDEIQRRIHRARIKDNWFIDKAANKESIVDRLINKFKNSTSAVKA 
lpc2813  L. pneumophila  Corby  MLVLTRRVGESVVISEDIYCTIVGYQNDEVRLAFDAPKSIPIHRDEIQRRIYRDQIKDNKFVDKAANNESIVDRLINKFKSSASPTNS 
lpa00796  L. pneumophila  Alcoy  MLVLTRRVGESVVISEDIYCTIVGYQNDEVRLAFDAPKSIPIHRDEIQRRIYRDQIKDNKFVDKAANNESIVDRLINKFKSSASPTNS 
lpo2456  L. pneumophila  Lorraine  MLVLTRKVGESVVISEEVYCTVVGYRDGEVRLAFDAPQSIPVHRDEIQRRIYRERQRDQWFNDSPSNKENIVDRLISKFKNGLKSA 
lpe01074  L. pneumophila  LPE509  MLVLTRKVGESVVISEEVYCTVVGYRDGEVRLAFDAPQSIPVHRDEIQRRIYRERQKDQWFSDSPSNKESIIDRLISKFKHGLKSA 
llo2874  L. longbeachae  NSW150  MLVLTRKIGESVVISEDIYCTVVGYRDGEVRLGFDAPQSIPIHRDEIQRRIYRERQKDQSFNDSPPHKKSIVDRLISKFKHELKSA 
plpl0012  L. pneumophila 
Lens  MLILERRVGETVAIENKVFCMVLDHQLDGQLKLAFDAPECVPFHRFEIQEGS 
plpp0016  L. pneumophila  Paris  MLILTRRVGDTVVIGNEVFCTVLEQQHDGQIKLAFDAPKSIPIHRFEIQKQIMQKIIEGTYTNDVAWNETVIERLTSQFNRVSHWN 
lpop0154  L. pneumophila  Lorraine  MLILTRRIGETVLINDDIYITVLGVKGNQVRLGFDAPQDVIIHRQEIHQKIKKEQSLFLNKPGQWKEARGVQTH 
lpg2094  L. pneumophila  Philadelphia‐1  MLSLTRRVGESIVIGEDIFITVLCCKGNQVRIGFNAPNSVAIHRYEIYQKIQSEKHDGLADPTKKFCPSMQQSILNHH 
lpe01011  L. pneumophila  LPE509  MLSLTRRVGESIVIGEDIFITVLCCKGNQVRIGFNAPNSVAIHRYEIYQKIQSEKHDGLADPTKKFCPSMQQSILNHH 
lp12_2035  L. pneumophila  ATCC 43290  MLSLTRRVGESIVIGEDIFITVLCCKGNQVRIGFNAPNSVAIHRYEIYQKIQSEKHDGLADPTKKFCPSMQQSILNHH 
lpp1074  L. pneumophila  Paris  MLTLIRRIGEAIYIDKGRIKVHLISEKEGLIRLGIEAPKHVDIERKEVFVRKAVAQHEQAQALRNQSGGDDA 
lp12_1033  L. pneumophila  ATCC 43290  MLTLIRRIGEAIYIDKGRIKVHLISEKEGLIRLGIEAPKHVDIERKEVFVRKAVAQHEQAQALRNQSGGDDA 
lpo2781  L. pneumophila  Lorraine  MLILIRRMGEAIYIDKGRIKVLLISEKEGLIKLGIDAPKHIDVERKEVFIQKAMEQHALAQKLRDKSTESGGNHA 
lpg1003  L. pneumophila  Philadelphia‐1  MLILDRKIGEEIYINKGKIKITVLYEKNGLIGIGVRAPSEIDIDRKEVFIRKYIQKLDQENKSNQG 
lpl1036  L. pneumophila  Lens  MLILDRKIGEEIYINKGKIKITVLYEKNGLIGIGVRASSEIDIDRKEVFIRKYIQKLDQENKSNQG 
lpc2276  L. pneumophila  Corby  MLILDRKIGEEIFINKGKIKITVLYEKNGLIGIGVRAPSEIDIDRKEVFIRKYIQKLDQENKPNQE 
lpa01531  L. pneumophila  Alcoy  MLILDRKIGEEIYINKGKIKITVLYEKNGLIGIGVRASSEIDIDRKEVFIRKYIQKLDQENKSNQG 
lpv1151  L. pneumophila 
HL06041035  MLILDRKIGEEIYINKGKIKITVLYEKNGLIGIGVRAPSEIDIDRKEVFIRKYIQKLDQENKSNQG 
lpe02190  L. pneumophila  LPE509  MLILDRKIGEEIYINKGKIKITVLYEKNGLIGIGVRAPSEIDIDRKEVFIRKYIQKLDQENKSNQG 
lpp2378  L. pneumophila  Paris  MLVLTRKKGEQIVIDKGQIEIHVIYQRRGVVALGIKAPAHIDVDRKEIFLRKQTNPQNNDKEISK 
lpc1860  L. pneumophila  Corby  MLVLTRKKGEQILIDKGQIEIHVIYQRRGVVALGIKAPAHIDVDRKEIFLRKQTNPQNTNIEEPK 
lpv1819  L. pneumophila 
HL06041035  MLVLTRKKGEQILIDKGQIEIHVIYQRRGVVALGIKAPAHIDVDRKEIFLRKQTNPQNTDIEEPK 
lp12_2077  L. pneumophila  ATCC 43290  MMLVLTRKKGEQILIDKGQIEIHVIYQRRGVVALGIKAPAHIDVDRKEIFLRKQTNPQNTNIEEPK 
llb1171  L. longbeachae  D‐4968  MLVLTRRVGEQIFIDKGQIQIKVLFVRNGNIALGIQAPPNVDVDREEIYYLKKEGIIVESN 
lpg1257  L. pneumophila  Philadelphia‐1  MLVLTRKAGQQILIGKGLIQMKVLKVDDDIISIGIKAPQHIDIDREEIYLKKLQQEQAESSMQKVAP 
lpl0150  L. pneumophila  Lens  MLVLTRKAGQQILIGKGLIQMKVLKVDDDIISIGIKAPQHIDIDREEIYLKKLQQEQAESSMQKVAP 
lpv0167  L. pneumophila 
HL06041035  MLVLTRKAGQQILIGKGLIQMKVLKVDDDIISIGIKAPQHIDIDREEIYLKKLQQEQAESSMQKVAP 
lpp0168  L. pneumophila  Paris  MLVLTRKAGQQILIGKGLIQMKVLKVENDIISIGIKAPSHIDIDREEIYFRKLRQEQEAANDAEMAI 
llb1138  L. longbeachae  D‐4968  MLILSRKIGENVLIDQGTIQIKLLDVKGRYARIGFIAPAGTDIDREEIYIRKKQSRDLNKKAANHEVNN 
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L. pneumophila Corby  CP000675.2  184300  200451  Trb (blue) 
lpa00223 
L. pneumophila Alcoy  CP001828.1  184068  200219  Trb (blue) 
lpc2813 
L. pneumophila Corby  CP000675.2  617842  633964  Trb (blue) 
lpa00796 
L. pneumophila Alcoy  CP001828.1  613023  629145  Trb (blue) 
lpo2456 
L. pneumophila Lorraine  FQ958210.1  2581394  2597460  Trb (blue) 
lpe01074 
L. pneumophila LPE509  CP003885.1  1109051  1125125  Trb (blue) 
llo2874 
L. longbeachae NSW150  FN650140.1  3355412  3372833  Trb (blue) 
lpg2094 
L. pneumophila Philadeliphia‐1  AE017354.1  2319208  2344884  Tra (red) 
lpe01011 
L. pneumophila LPE509  CP003885.1  1051761  1068953  Tra (red) 
lp12_2035 
L. pneumophila ATCC 43290  CP003192.1  2243991  2261276  Tra (red) 
lpop0154 
L. pneumophila Lorraine  FQ958212.1  122878  142676  Diverse (purple) 
lpep00046 
L. pneumophila LPE509  CP003886.1  19244  40410  Diverse (purple) 
plpp0016 
L. pneumophila Paris  CR628338.1  13345  42715  Diverse (purple) 
plpl0012 
L. pneumophila Lens  CR628339.1  10787  28932  Diverse (purple) 
llo1850 
L. longbeachae NSW150  FN650140.1  2164094  2181119  Diverse (purple) 
llb1138 
L. longbeachae D‐4968  ACZG01000001.1  1196029  1211847  Lvh (yellow) 
lpp0168 
L. pneumophila Paris  CR628336.1  194054  210931  Lvh (yellow) 
lpg1257 
L. pneumophila Philadelphia‐1  AE017354.1  1368713  1386591  Lvh (yellow) 
lpl0150 
L. pneumophila Lens  CR628337.1  181867  201513  Lvh (yellow) 
lpv0167 
L. pneumophila HL06041035  FQ958211.1  181295  198468  Lvh (yellow) 
llb1171 
L. longbeachae D‐4968  ACZG01000001.1  1236013  1254272  Lgi (green) 
lpc1860 
L. pneumophila Corby  CP000675.2  2808352  2826507  Lgi (green) 
lp12_2077 
L. pneumophila ATCC 43290  CP003192.1  2296777  2314983  Lgi (green) 
lpp2378 
L. pneumophila Paris  CR628336.1  2726191  2744349  Lgi (green) 




L. pneumophila Lorraine  FQ958210.1  2899570  2917401  Lgi (green) 
lp12_1033 
L. pneumophila ATCC 43290  CP003192.1  1101878  1119680  Lgi (green) 
lpp1074 
L. pneumophila Paris  CR628336.1  1177462  1195264  Lgi (green) 
lpv1151 
L. pneumophila HL06041035  FQ958211.1  1140510  1158271  Lgi (green) 
lpg1003 
L. pneumophila Philadelphia‐1  AE017354.1  1076121  1093906  Lgi (green) 
lpe02190 
L. pneumophila LPE509  CP003885.1  2334332  2352138  Lgi (green) 
lpc2276 
L. pneumophila Corby  CP000675.2  1189397  1207218  Lgi (green) 
lpl1036 
L. pneumophila Lens  CR628337.1  1149440  1167201  Lgi (green) 
lpa01531 








































































































































































1. Template wild-type DNA and primers to amplify 500-1000 bp region surrounding 
gene to be deleted 
2. Thermocycler, reagents, and DNA polymerases for both a high fidelity PCR (e.g. 
Platinum Taq HiFi, Invitrogen) and economical screening reactions (e.g. Taq 
DNA polymerase, NEB) 
3. Agarose gel electrophoresis equipment and reagents 
4. A cloning plasmid that does not replicate in L. pneumophila and relevant reagents, 
or a kit (e.g., pGEM T easy, Promega.   Note that although plasmids with colE1 
origins are generally unstable in L. pneumophila, they do replicate.) 
5. Heat- or electro-competent cloning strain (e.g. E. coli DH5α) 
6. Template plasmid for antibiotic resistance cassette (see Note 3) 
a. pKD3 for chloramphenicol (Datsenko et al. 2000) 
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b. pKD4 for kanamycin (Datsenko et al. 2000) 
c. pR6KFRTgent for gentamicin (see Note 3.10; strain MB838, Bryan et al. 
2011) 
7. Primers to mediate recombineering event (see Note 4) 
8. Recombineering strain cultured at 30-32°C (e.g. E. coli DY330; see Note 3.16; 
Yu et al. 2000) 
9. Antibiotics (e.g. ampicillin, chloramphenicol, kanamycin and/or gentamicin) 
10. LB broth and LB plates containing relevant antibiotics 
(ampicillin 100 µg/ml, chloramphenicol 25 µg/ml, kanamycin 50 µg/ml and/or 
gentamicin 10 µg/ml, streptomycin 1 mg/ml, metronidazole 10 µg/ml) 
11. 37°C incubator 
12. 30-32°C incubator 
13. 30-32°C shaking water bath 
14. 42°C shaking water bath 
15. Sterile distilled, deionized water (ddH2O) 
16. Electroporator and 1 mm cuvettes 
17. Centrifuge and tubes to spin 50 mL at 4600Xg at 4°C 
18. Microcentrifuge and 1.5 mL tubes at 4°C  
19. Plasmid preparation reagents (e.g. Qiagen MiniPrep kit) 
20. Reagents to purify PCR products (e.g. Qiagen PCR Purification kit and/or Gel 
Extraction kit) 
21. PCR reagents, restriction enzymes, or sequencing reagents to confirm constructs 
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2.2  Natural transformation components 
1. Parent L. pneumophila strain (e.g. Lp02) 
2. Charcoal-yeast extract plates, supplemented with thymidine if parent strain is an 
auxotroph (CYE(T)) 
3. ACES-buffered yeast extract broth, supplemented with thymidine (100 µg/ml) if 
needed (AYE(T)) 
4. 37°C incubator and wheel or water bath to incubate test tubes 
5. Recombinant antibiotic-resistant allele, circular or linear, generated above (see 
Note 12) 
6. Microcentrifuge and 1.5 mL tubes 
7. 28-30°C incubator 
8. Sterile PBS 
9. Sterile cotton swabs 
10. CYE plates supplemented with thymidine (100 µg/ml; CYET) if needed and 
relevant antibiotic 
(ampicillin 100 µg/ml, chloramphenicol 5 µg/ml, kanamycin 25 µg/ml and/or 
gentamicin 10 µg/ml, streptomycin 500 µg/ml, metronidazole 10 µg/ml) 
2.3  Flp excision components 
1. Mutant L. pneumophila strain containing FRT-flanked cassette 
2. pBSFlp (strain MB791, maintain gentamicin selection, Bryan et al. 2011) 
3. Sterile ddH2O 
4. Electroporator and 1 mm cuvettes 
5. Centrifuge and tubes to spin 50 mL at 4600Xg at 4°C 
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6. Microcentrifuge and 1.5 mL tubes at 4°C  
7. CYE(T) plates containing 10 µg/mL gentamicin and 200 µM IPTG 
8. CYE(T) plates without antibiotics 
9. CYE(T) plates containing 5% sucrose (see Note 20) 
10. CYE(T) plate containing relevant antibiotics to confirm phenotype 




1. Amplify the gene or region to be deleted and 500-1000 bp of flanking sequences 
by PCR using high fidelity DNA polymerase and standard techniques. 
 
2. Clone DNA fragment containing gene and flanking DNA into a cloning vector 
that does not replicate in L. pneumophila.  We have used the pGEM T easy 
cloning kit from Promega with ease and success by following the manufacturer’s 
instructions.  Prepare plasmid DNA ~3 mL culture, and resuspend plasmid in 
ddH2O, not a buffer. 
 
3. For recombineering, design primers to amplify antibiotic resistance cassette from 
template plasmid.  When an FRT-flanked cassette is desired, this typically 
involves using either pKD3 (encoding chloramphenicol resistance), pKD4 
(encoding kanamycin resistance), or pR6KFRTgent (encoding gentamicin 
resistance), cassettes that all have the same priming site sequence (see Notes 2-4).   
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a.  P0 oligo 
5'-[≥36 nt homology upstream of gene of interest]-
TGTGTAGGCTGGAGCTGCTTC-3'   
 
b.  P2 oligo 
5'-[≥36 nt homology downstream of gene of interest]—
CATATGAATATCCTCCTTAGTTCC-3' 
 
4.  Amplify cassette from template plasmid using high fidelity DNA polymerase.  
Isolate the DNA product using a PCR purification kit or gel extraction and eluting 
in ddH2O, not a buffer (see Notes 5, 6).  Removing salts is critical for efficient 
electroporation. 
 
Recommended conditions using Platinum taq HiFi (Invitrogen) 
a. reaction 
76 µL ddH2O 
4 µL 50mM MgSO4 
10uL buffer 
2 µL dNTPs (10mM each) 
2 µL template plasmid (e.g. pKD3/pKD4/pR6KFRTgent) 
3 µL of 10 µM working stock of P0 primer (see Note 7) 
3 µL of 10 µM working stock of P2 primer (see Note 7) 
0.5 µL DNA polymerase 
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b.  incubation cycles 94°C 2 min; (94°C 30 sec; 48°C 30 sec; 68°C 2 min) X 30x; 68°C 7 min 
5.  Culture E. coli DY330 or another recombineering strain overnight at 30-32°C in 
2 ml LB broth without antibiotic selection (see Note 8). 
 
6. Transfer 750 µL of overnight DY330 culture into each of two separate 250 mL 
flasks that contain 50 mL LB (i.e., 1:70 dilutions).  Culture at 30-32°C with 
shaking at 220 r.p.m. until OD600 = 0.4-0.5, approximately 3-4 h.  The growth 
phase is critical:  Do not exceed OD600 = 0.5. 
 
7. When culture density reaches OD600 = 0.4-0.5, induce enzyme by transferring one 
of the flasks to 42°C with shaking for 15 min.  Exact temperature and time are 
critical.  Continue to incubate the other flask at 30°C (uninduced cells). 
 
8. After 15 min, immediately place both flasks in an ice water slurry for 5-10 min. 
 
9. Transfer cultures to pre-chilled 4°C 50 mL conical tube and centrifuge for 7 min 
at 4600Xg at 4°C. 
 
10. Decant supernatant, resuspend pellets in 35 mL of sterile ice-cold ddH2O, and 
then centrifuge for 7 min at 4600Xg at 4°C. 
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11. Decant supernatant, resuspend pellet in a total of 1 mL sterile ice-cold ddH2O, 
and then transfer to a microcentrifuge tube.  Centrifuge at full speed in a 4°C 
microcentrifuge for 20-60 sec (as short as possible to pellet cells). 
 
12. Wash cells with 1 mL sterile ice-cold ddH2O.  Resuspend cells to a final volume 
of ~400 µL (see Note 10).  If freezing cells, conduct final two washes with sterile 
ice-cold 10% glycerol. 
 
13. Electroporate 50 µL of cells with DNA mixture using pre-chilled 1 mm cuvettes 
and settings of 1.8 kV, 200 ohms, and 25 µF.  Immediately transfer cells into 1 
mL of LB.  Do ≥2 electroporations for each desired construct.  Volumes of DNA 
are listed for ease of use, assuming average yield of miniprep plasmid and 
concentrated PCR product as determined by agarose gel electrophoresis (see Note 
5). 
a) Experimental:  50 µL induced cells + 3 µL plasmid miniprep + 7 µL 
PCR reaction 
b) No enzyme induction control:  50 µL uninduced cells + 3 µL plasmid 
miniprep + 7 µL PCR reaction 
c) No template DNA control:  50 µL induced cells + 3 µL H20 + 7 µL 
PCR reaction  
    (optional but suggested if high background is observed in uninduced 
control sample) 
d) No donor DNA control:  50 µL induced cells + 3 µL plasmid + 7 µL 
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H2O  
    (optional control, but suggested if high background is observed in 
uninduced control sample) 
 
14. Incubate cultures for 2-12 h (typically ~3 h) at 30-32°C. 
 
15. Plate cells on selective medium and incubate at 30-32°C for 1-2 days (see Note 
11).  If more than a few colonies are observed on the uninduced control plate, 
determine their source by repeating with each of the optional controls. 
 
16. Colony-purify and then screen candidates by PCR using appropriate primers and a 
small amount of purified colony as a template.  Screen ~4-8 clones, as typically 
>50% of clones have desired allele, but occasionally more screening is required.  
Note that DY330 transformants often contain a mixed plasmid population.  
During this preliminary screen, extensive verification is not necessary. 
 
17. Pick 2-3 clones verified to contain desired construct (within a pure or mixed 
plasmid population). Prepare plasmid DNA, and then transform DH5α or other 
non-recombineering cloning strain using a dilution of DNA determined 
empirically to yield  <100 colonies per 100 µL of undiluted culture per plate.  The 
goal is to dilute the DNA preparation so that each E. coli cell receives only one 
plasmid molecule.  Typically, dilutions of 1:10, 1:100, or 1:1000 are appropriate, 
 119 
depending on the efficiency of the competent cells and the plasmid concentration.  
 
18. Incubate the transformation mixture overnight at 37°C.  Colony purify ~2 DH5α 
clones from each of the DY330-isolated plasmids electroporated, and then verify 
the desired construct by PCR, restriction digestion, and/or sequencing.  Nearly 
every clone should contain a homogenous population of the desired plasmid.  





1. Prepare plasmid DNA encoding recombinant allele or use PCR to generate a high 
concentration of the linear recombinant allele suspended in sterile ddH2O (see 
Note 12). 
 
2. Inoculate 5 mL of AYE(T) with parent L. pneumophila strain obtained from solid 
medium and < 1 week old.  Culture overnight at 37°C to OD600 = 0.7 – 1.2 (see 
Note 13). 
 
3. Pre-warm CYE(T) plates to 28-30°C. 
 
4. Collect cells from 3 mL of culture by subsequent full speed 1 min centrifugations 
of two 1.5 mL culture aliquots in one microcentrifuge tube using a 
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microcentrifuge.  Resuspend final cell pellet in 50 µL of AYE(T). 
 
5. Place 25 µL of culture suspension in each of two spots on one pre-warmed 
CYE(T) plate.  Add 25 µL of DNA to one cell sample and 25µL of sterile water 
to other. 
 
6. Incubate at 30 °C for 2 days, leaving plates upright either until liquid is absorbed 
or for entire incubation period. 
 
7. Collect each cell patch with a sterile cotton swab and transfer into 1 mL sterile 
PBS. 
 
8. Plate cell suspension on appropriate selective medium, and incubate 3-5 days at 
37°C or longer if mutant grows slowly (see Note 14). 
 
9. Colony purify candidates and confirm chromosomal integration of desired allele 
by PCR, Southern analysis, and/or sequencing, being careful to rule-out 
merodiploids if circular DNA was used (see Note 12).  If using linear DNA and 
no colonies were obtained on the No DNA control, nearly every clone will 
contain the desired allele. 
 
10. You now have a mutant L. pneumophila strain.  If an unmarked deletion is 
desired, continue to Section 3.3.  If a double mutant is to be constructed, repeat 
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procedure to introduce second mutation marked by a different resistance cassette 
(i.e. chloramphenicol and kanamycin from pKD3 and pKD4, respectively) before 
proceeding.  The Flp recombinase (Section 3.3) can efficiently remove multiple 
cassettes from one strain in a single step.  
3.3 Flp­mediated excision of FRT­flanked cassettes (see Note 15) 
 
1. Make electro-competent cells of the mutant strain by method similar to that 
described for E. coli (Note 16).  Culture mutant L. pneumophila strain in 5 
mL of AYE(T) overnight.  Dilute culture ∼ 25- to 100-fold into 35 ml of 
AYE(T) without antibiotics in a 250 ml flask, and then incubate at 37°C with 
shaking at 250 r.p.m.  Culture until OD600 = 1.1 ± 0.3.  Chill cultures on ice 
for ∼ 5-10 min, and then centrifuge 30 ml of culture at 4600 X g for 7 min at 
4°C.   Wash cells once with 30 ml ice-cold sterile ddH2O, and then transfer to 
a 1.5 ml tube. After centrifugation at full speed for 1 minute at 4°C in a 
microcentrifuge, wash cells twice with 1 ml of water.  Resuspend cells to a 
final volume of ∼ 240 µl.  If freezing cells, conduct final two washes with 
sterile ice-cold 10% glycerol. 
 
2. Electroporate 2 µL of plasmid preparation of pBSFlp with 50 µL of electro-
competent cells using 1 mm path length cuvettes, 1.8 kV, 100 ohms, and 
25 µF.  Transfer immediately to 1 ml of AYE(T) broth. 
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3. Incubate cells 1-2 h at 37°C, and then plate on CYE(T) medium containing 10 
µg/mL gentamicin and 200 µM IPTG. 
 
4. Incubate plates 5-6 days (see Note 17) or longer if slow-growing mutant. 
 
5. Patch fresh single colonies onto plates without any drugs and culture 
overnight (see Notes 18, 19). 
 
6. Colony purify cells from patches on CYE(T) + 5% sucrose without antibiotics 
(see Note 20) and culture for 3-5 days or until isolated colonies form (see 
Note 21).   
 
7. Patch candidates on CYE(T) containing gentamicin and chloramphenicol 
and/or kanamycin to verify plasmid and marker loss phenotypically.  Confirm 
genotype by PCR and/or sequencing.  Typically, 50-90% of clones have lost 
both the resistance cassette and the plasmid.  Flp-mediated excision leaves a 
~85 bp scar sequence that typically is non-polar (Datsenko et al. 2000; Bryan 




















Table A.1.  List of bacterial strains and plasmids.  
Strain Genotype or plasmid            Source 
E. coli and plasmids  
DH5α (MB120)* supE44 ∆lacU169 (80 lacZ∆M15) hsdR17 recA1 endA1 gyrA96 thi-1 relA1 Laboratory collection 
DY330 (MB737)* W3110 ∆lacU169 gal490 λcI857 ∆(cro-bioA) (Yu et al. 2000) 
DY331 (MB779)* W3110 ΔlacU169 srl∷Tn10 ΔrecA gal490 λcI857 Δ(cro-bioA) (Yu et al. 2000) 
MB739 HB101 endA::FRT   (Bryan et al. 2011) 
MB740 HB101λpir endA::FRT   (Bryan et al. 2011) 
   
(MB782)* pKD3 (FRT-cat-FRT allele) 
 (Datsenko et al. 
2000) 
(MB783)* pKD4 (FRT-kan-FRT allele) 
(Datsenko et al. 
2000) 
MB838 DH5α λpir endA::FRT  pR6KγFRTgent (Bryan et al. 2011) 
MB776 HB101λpir endA::FRT   pR6Kcat-rdxA-rpsL (Bryan et al. 2011) 
MB791 DH5α  pBSFlp (Bryan et al. 2011) 
   
L. pneumophila   




Figure A.1.  Outline of strategy for unmarked gene deletions.  Outline of strategy 
with an example of construction of an unmarked deletion in fliA using the FRT-flanked 
chloramphenicol resistance cassette from pKD3 followed by excision of the cassette 
promoted by pBSFlp. 
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